Background: To investigate the relationship between obesity and health-related quality of life (HRQL) in a randomly selected Chinese sample. Methods: A total of 3600 residents aged 18-80 years were sampled in five cities of China using a randomized stratified multiple-stage sampling method to receive the interview, with a self-completed questionnaire to collect demographic information, and the Mandarin version of Short Form 36 Health Survey questionnaire (SF-36) to assess HRQL, followed by height and weight measurements for calculating body mass index (BMI). Cross-sectional association between BMI and HRQL was analysed. Results: Among the 3207 participants (mean age 42 years) suitable for analysis, BMI differed by age and gender. Based on the international or the Asian BMI categories, in women, meaningful impairments were seen between obese and normal weight participants in four physical health scales, and only one scale of the four mental health scales-vitality scale was affected by obesity; in men, impairments by obesity were not found in all of the eight SF-36 scales, and better HRQL in two mental health scales were observed in obese participants compared to normal weight ones; after adjusting related variables, several physical but not mental health scales were found impaired by obesity. Conclusion: Obesity impaired physical but not mental health, and the impairments varied between genders. Public health agencies and government should emphasize the impairments of obesity on physical health.
Introduction
O besity has become a global issue during the past half-century, 1,2 the prevalence is $20% in most western countries; 3, 4 in developing countries, obesity is increasing although the prevalence is much lower than that in developed countries. [1] [2] [3] [4] [5] In China, rapid economic growth during the recent decades led to the westernized lifestyle and diet, resulting in the epidemic of obesity. It was reported that 23.7% of the population had a body mass index (BMI) > 24 kg m À2 . 6, 7 Obesity is a major risk factor for many chronic diseases, including diabetes, cardiovascular disease, hypertension, stroke and certain forms of cancer. 8, 9 In addition, dietary factors and activity patterns are considered to be the second leading cause of death in the USA, leading to at least 300 000 deaths each year. 10 Large decreases in life expectancy were associated with overweight and obesity, it was reported that 40-year-old female non-smokers lost 7.1 years and 40-year-old male non-smokers lost 5.8 years because of obesity. 11 However, morbility and mortality are not the only two consequences of obesity, health-related quality of life (HRQL), which focuses on the impact of health status on quality of life, including domains related to physical, mental, emotional and social functioning, is also impacted by obesity. [12] [13] [14] [15] [16] [17] [18] [19] [20] The 2003 Health Survey for England of 14 416 individuals aged >18 years noted a significant correlation between BMI and HRQL in men and women. 14 Results from a representative random sample of 4110 people of !16 years old noted that excess weight had a negative impact on HRQL, even for people without chronic diseases. 16 A study from 2000 Medical Expenditure Panel Survey of 13 646 American aged !18 years showed that the obese had significantly lower HRQL than those normal weight and such lower scores were seen even for people without chronic diseases correlated with obesity. 19 Same studies were conducted in Asian countries. A cross-sectional, hospital-based study of 448 Korean adults aged 20-80 years noted that the impact of overweight on obesity-related quality of life was different for gender and age groups, women had a poorer obesity-related quality of life compared to men. 12 A national representative sample of 14 221 Taiwanese aged from 18 to 96 years showed that excess weight was related to worse physical, but not mental HRQL. 21 Nevertheless, few studies on the relationship between obesity and HRQL were performed in mainland China. As Chinese have their unique BMI distribution, 5, 22 the influence of overweight on HRQL may be different from that in western countries and other Asian countries. The purpose of the study was to investigate the influence of obesity on HRQL of adults in five cities of China.
Methods

Study design and sample
The data came from a countrywide epidemiology study, whose main methods have been described, 23 and are briefly summarized here. The study was approved by the Second Military Medical University Ethics Committee. A total of 3600 residents aged 18-80 years were sampled from 22 residential areas in five cities of China: Shanghai, Beijng, Xian, Wuhan and Guangzhou, using a randomized stratified multiple-stage sampling method. The survey was conducted from April 2007 to January 2008; sampled participants were gathered to the local residential committee offices to receive the interview. Of the 3600 sampled residents, 3219 accepted to receive the interview (response rate 89.4%). We excluded seven participants who lacked physical examination, and the data from five participants were deleted because of logical errors or insufficient completion. As a result, analyses were conducted on 3207 respondents. Each participant signed a consent form before participation.
A self-completed questionnaire was used to collect information on resident region, gender, age, marital status, educational level, current job, monthly family income, tobacco use, alcohol use and frequency of activities, followed by a physical examination to measure weight, height, waist and hip circumference. Chronic diseases were also recorded. Respondents were asked whether they had been diagnosed by physicians with the following chronic diseases: hypertension, chronic bronchitis, rheumatoid arthritis, osteoarthritis and diabetes.
BMI
BMI was calculated from height and weight measurements taken by trained investigators as part of the physical examination. Similar studies on the relationship between BMI and HRQL in other Asian countries adopted the WHO international BMI categories 21 or the WHO Asian BMI categories 12, 24 or both. 13 In our study, both the international and Asian BMI categories were used in order to compare with other studies. The WHO International BMI categories 25 
Measures of health-related quality of life
The Mandarin version of SF-36, which was translated from the IQOLA SF-36 Standard UK Version 1.0 by the experts of Zhejiang University with its reliability and validity tested, 27, 28 was used to assess HRQL. SF-36, which is appropriate for administration to persons aged !14, has been proved useful in monitoring population health, estimating the burdens of different diseases, monitoring outcome in clinical practice, evaluating treatment effects. It describes eight scales: physical functioning (PF); role limitations due to physical problems (RP); bodily pain (BP); general health (GH); vitality (VT); social functioning (SF); role limitations due to emotional problems (RE) and mental health (MH). These eight scales can be aggregated into two summary measures: the physical (PCS) and mental (MCS) component summary scores. 29, 30 SF-36 Health Survey items and dimensions were constructed using the Likert method of summated ratings. The raw score of each of the eight SF-36 health dimensions was derived by summing the item scores, and converted to a value for the dimension from 0 (worst possible health state measured by the questionnaire) to 100 (best possible health state).
Statistical analysis
Statistical Analysis System (SAS) 9.1.3 was used for analyzing the survey data. All hypothesis tests used two-side tests and a P < 0.05 was considered to be statistical significant. Differences of BMI distribution among different city, region, gender, age, education, marital status, occupation, family income, smoke, drink, physical activity and diseases groups were analysed by Cochran-Mantel-Haenszel test. Student t test was used to compare the difference of BMI between men and women. SNK-q test was used to compare the differences of BMI among different age groups. Differences of HRQL among different BMI groups were analysed by analysis of variance (ANOVA), with SNK-q test for multiple comparisons. The relationship between BMI and HRQL was further analysed by logistic regression, adjusted by region, gender, age, marital status, educational level, current job, monthly family income, tobacco use, alcohol use, frequency of activities and chronic diseases, in which the dependent variable was suboptimal HRQL (0 represents that SF-36 scale scores equal to 100, 1 represents SF-36 scale scores < 100).
Results
Characteristics of participants
The average age of the 3207 participants (1674 women and 1533 men) was 42 years. The prevalence of obesity, pre-obesity and underweight was 3.27, 20.24 and 8.64% respectively according to the international BMI categories, and 9.42, 33.71 and 8.64% respectively based on the Asian BMI categories. As showed in table 1, according to both international and Asian categories, the prevalence of pre-obesity and obesity varied significantly by city, gender, age, marital status, education level, occupation and alcohol use, which was in accord with the study conducted in middle-aged or older adults in nine provinces of China; 31 people with excess weight tended to have more chronic diseases, such as hypertension, diabetes, rheumatoid arthritis and osteoarthritis, than those with normal weight; the influences of residential region and family income on BMI were not significant. Obesity was more frequent in participants who quit smoking and those who never did physical activities based on the Asian BMI categories.
BMI differed by age and gender, as depicted in figure 1. In the two age groups of 18-29 and 30-39 years, men had a higher BMI mean than women (P < 0.05); in the other three age groups, the BMI means were similar between genders (P > 0.05). In women, BMI tended to increase significantly until age 40 years before it plateaued; the 18-29 years age group had the lowest BMI compared to the other age groups (P < 0.05), the 30-39 years age group had lower BMI compared to the 40-49, 50-59 and 60-80 years age groups (P < 0.05); no significant differences were found among the 40-49, 50-59 and 60-80 years age groups (P > 0.05). In men, BMI tended to increase from 18-29 to 30-39 years, and then it kept relatively constant; the 18-29 years age group had the lowest BMI compared to the other age groups (P < 0.05); no significant differences were found among the 30-39, 40-49, 50-59 and 60-80 years age groups (P > 0.05).
The relationship between BMI and HRQL
The impairment of BMI on HRQL was different between genders in our survey, as showed in table 2. In women, based on the international categories, normal weight participants had significant higher HRQL than those with pre-obesity in physical functioning, role limitations due to physical problems and general health scales and physical component summary score (P < 0.05), and those with obesity in physical functioning, role limitations due to physical problems, general health and vitality scales, and physical component summary score (P < 0.05); in bodily pain, social functioning, role limitations due to emotional problems and mental health scales and mental component summary score, no significant differences were found among the four BMI groups; the underweight participants had similar HRQL compared to those normal weight ones in all scales (P > 0.05) except general health scale (P < 0.05). According to the Asian categories, in physical functioning, role limitations due to physical problems and bodily pain scales and physical component summary score, the obese and pre-obese participants had lower HRQL than normal weight ones (P < 0.05); in vitality scale, significant difference of HRQL was found between the obese and normal weight participants (P < 0.05).
The same pattern was not found in men. Based on both the international and Asian categories, no significant differences were found among the four BMI groups in the four physical health scales (i.e. physical functioning, role limitations due to physical problems, bodily pain and general health) and two mental health scales (i.e. social functioning and role limitations due to emotional problems) (P > 0.05); according to the international categories, in vitality scale, mental health scale and mental component summary score, the obese had the highest HRQL among the four BMI groups, and the underweight had the lowest (P < 0.05); according to the Asian categories, in vitality and mental health scales and mental component summary score, the underweight had the a: Cochran-Mantel-Haenszel test was used lowest HRQL among the four BMI groups (P < 0.05), impairment of HRQL caused by obesity was only found in physical component summary score (P < 0.05). After further considering the lifestyle variables, socio-demographic variables and chronic diseases, based on the international category we found that physical functioning and role limitations due to physical problems scale were impaired by obesity, and pre-obesity was related to better HRQL in vitality scales. According to the Asian categories, only role limitations due to physical problems scale was impaired by obesity (table 3) .
Discussion
Our study showed that more scales of HRQL in women were influenced by overweight than in men. Based on both the international and Asian categories, meaningful decrease of scores were seen in three scales of a,b,c a: P < 0.05, compared to the normal weight group by SNK-q test b: P < 0.05, compared to the underweight group by SNK-q test c: P < 0.05, compared to the pre-obese group by SNK-q test physical health and one scale of mental health between obese and normal weight women, and these participants with higher HRQL had lower BMI. But the same outcome was not found in men. No significant impairment was found in obese and pre-obese men in all of the eight SF-36 scales. The results revealed that obesity or pre-obesity might have a more significant impact on HRQL in women than in men, especially on physical health, as showed in some previous studies performed in Korea, 12 England 14 and Sweden. 15 The relationship between HRQL and BMI varied between genders. Obese women had poorer HRQL than the normal weight ones in physical functioning, role limitations due to physical problems, bodily pain, general health and vitality scales, but obese men had similar or even better HRQL compared to the normal weight, and only physical component summary score was affected. The outcomes were not in accord with some studies in USA, 32, 33 but similar to the studies in Taiwan 21 and Korea, 12 which showed that the relationship between BMI and HRQL differed by gender, mental HRQL in overweight men was rather better than those with normal weight. This could be explained in part by that women might be more susceptible to body image, which is more likely to explain poor HRQL by body weight. 34, 35 Furthermore, the idealization of unhealthily slim women in the mass media may lead to the misconception of body image. 36 Most women today feel that they have the obligation to be slim. This is one of the factors leading to widespread unhealthy dieting and slimming practices. Excessive dieting may lead to eating disorders such as bulimia nervosa, resulting in low HRQL. However, we still don't have an adequate evidence to explain the gender differences in the association of obesity with HRQL. Further research is needed to explain the phenomena.
In addition, the influence of obesity on mental health was not as serious as that on physical health. Only one of the four mental health scales-vitality scale was affected by obesity in women, the obese men even had a higher HRQL in vitality and mental health scales. The relationship between summary scores and BMI also suggested that obesity impaired physical health rather than mental health. After further considering the lifestyle variables, socio-demographic variables and chronic diseases, lower HRQL were found only correlated with higher BMI in physical functioning and role limitations due to physical problems scales, which also supported the inference that excess weight impaired physical health but not mental health. The same phenomenon was observed in Taiwan   21 and Korea. 12 This may be explained by social and cultural differences. In Chinese traditional culture, moderate overweight is always related to wealthy, prosperity and happiness, just as the Chinese classic known as 'The Book of Rites' says, 'Liberal mind brings fat body'. And the study in Hong Kong also showed that both elderly women and obese men were less likely to suffer from depressive symptoms than those with normal weight. 37 The different outcomes based on the international and Asian categories were interesting. Among females, there were statistically significant differences between obese and normal weight participants in bodily pain scale across Asian BMI categories but not across international BMI categories, while the general health scale was just the reverse. Among males, significant difference was found in physical component summary score between the obese and the normal weight across Asian BMI categories but not across international BMI categories. The outcome was difficult to explain, one reason might be the limited sample size of the obese.
The strength of this study was that it was based on measured data rather than self-reported height and weight, and adopted both the WHO international and Asian BMI categories. However, there were still some limitations. Since this was a cross sectional survey based on a representative sample of Chinese adults, we cannot get the causal relationship between obesity and HRQL. In addition, the generic HRQL instrument SF-36 used in this study may be less sensitive than obesity-specific instruments, such as health state preference assessment, 38 the Impact of Weight on Quality of Life questionnaire 39 and Obesity-related Psychosocial Problems scale. 40 In conclusion, we conducted a population-based study in five cities of China to investigate the correlation between BMI and HRQL. The results showed that physical health but not mental health was affected by obesity and the impairment varied between genders. Obese women suffered from poor HRQL in more scales than obese men, especially in physical health; obese men had better HRQL in mental health than those with normal weight. Public health agencies and government should emphasize the impairment of obesity on physical health, especially in women.
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Key points
Obese women had poorer HRQL than the normal weight women in physical functioning, role limitations due to physical problems, bodily pain, general health and vitality scales, but obese men had similar or even better HRQL compared to normal weight men, only physical component summary was affected. The influence of obesity on mental health was not as serious as that on physical health. The prevalence of pre-obesity and obesity varied significantly by city, gender, age, marital status, education level, occupation and alcohol use.
Public health agencies and government should emphasize the impairment of obesity on physical health, especially in women.
